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FOREWARD
This program was funded by the National Aeronautics And Space
Administration under contract NAS3-20598. 	 The period of per-
formance was February 1977 to September 1977.
The work was performed in its entirety at Stein Seal Company
utilizing a modified Stein Seal test rig and seal hardware
designed and constructed especially for this project.
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INTRODUCTION
A circumferential seal (see Figs. I & II) consists of a ring
of carbon segments making rubbing contact with the outer dia-
meter of a rotatin q shaft. The segments are held to the shaft
by the pressure differential and by a circumferential garter
spring. The secondary leakage path between the transverse
face of the carbon and the housing is sealed by the use of
axial springs in conjunction with the axial pressure force.
Use of the circumferential seals in strictly gas atmosphere has
been generally successful. Use of circumferential seals in
liquid environments or in gas-liquid environments under high
speed conditions has often resulted in high leaka ge, due to
the liquid penetrating the rubbing interface. The carbon
segments are thus subjected to bearinq forces generated in the
film and are lifted from the shaft. lie call this surfboardinq.
The low cost, and high speed, high temperature capabilities of
circumferential seals necessitated a solution of the surfboard-
inq problem.
one method of overcoming surfboardinq is through the use of
"negative lift" pockets on the bore of the carbon segments.
ThiF is a method of sealing , developed by Stein Seal Company
and approved for patent December 27, 1977. These pockets are
machined in the carbon and ar,:^ open to sealing pressure at the
trailing edge of the pocket and evacuated by the fluid drag of
the shaft over the pocket. The evacuation causes a lower
i
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pressure in the bore of the carbon, thus increasing the specific
loading on the seal. In addition, the liquid on the shaft is
evacuated before a film develops.
The negative lift feature is extremely useful in applications
where either liquid or qas can be encountered. Under gas con-
ditions, the pocket pressure, which is a function of viscosity,
is slight, giving a circumferential loading due only to the
spring and the normal pressure breakdown across the seal dam.
The light seal loading is desirable to keep thermal distortions,
power consumption and wear at a minimum. Liquid seals are sub-
jected to more instability, due to snrfboarding and drag forces
and thus require more seal loading. This is provided by the
negative lift pockets. The viscosity of the liquid provides
substantial suction at the bore of the seal, thereby creating a
higher specific loading. If the environment returns to gas, the
specific loading again lessens.
The negative lift seal is especially well suited to helicopter
transmissions because the possibility of occasional dry opera-
tion exists. The customary elastomeric lip seals are unable to
tolerate prolonged high speed operation at the moderately high
temperatures involved and even face seals that are sometimes
used, are the victims of the heavy face loads needed to insure
face contact when sealing liquids.
For these reasons, a test was desiqned to fit a specific heli-
f
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1copter transmission under conditions similar to those seen in
normal helicopter conditions. The test was essentially a wear
and demonstration test.
APPARATUS AND TEST PROCEDURE.
	
.i	 The seal unit was tested in a Stein Seal test rig (see Fiqs. III,
IV and V). The test rig shaft was ball bearing mounted with the
drive and test end bearings lubricated with single oil jets. An
air buffered standard back to back carbon circumferential seal
unit was used at the drive end to contain the bearing oil, air
at approximately 5 psiq being injected between the carbons. The
rig shaft was driven with a flat belt pulley from a jack shaft
powered by a one horsepower electric motor. The motor to jack
shaft connection had a timing belt drive.
i
	
1	 The chrome plated seal runner, Fig. VI, was clamped to the test
.	 I
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end of the shaft so that the area between the seal and the rig
bearing simulate the sort of turbulence anticipated with the
%f
actual application. In addition, the seal housing was specifi-
cally designed to fit a small helicopter transmission with the
proper geometry and direction of shaft rotation.
Turbine oil., MIL Spec. 7808 was used as the bearing lubricant in
i
the rig and was directed on the bearings through a .040 inch
diameter orifice nozzle set on the horizontal axis. Oil inlet
I
pressure was kept at a constant 25 psig and the oil inlet temper-
1 ature readings were thermocouple instrumented and recorded hourly.
-. - _	
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The lube oil scavenge line at the bottom vertical center line was
similarly monitored. Averages of the recorded oil inlet and out-
let temperatures appear in Table I.
Chamber pressure was monitored by a pressure gage located at
the cavity on the bearing side away from the seal. The chamber
pressure was maintained at 0, 1 and 2 psiq as specified for the
3arious test points. The oil flow was slightly effected by
chamber pressure, since the oil inlet pressure was constant.
However, change in bearinq oil flow was small since chamber
pressure variation was only 2 psi maximum. Fig. VII shows the
calibrated rate of oil inlet flow for the .040 inch diameter
orifice used.
-t
Leakage rates were recorded for six test points of approximately
fifty hours each. Leak rates are summarized in Table I.
The various carbon seal segments were carefully measured prior
U.	 to the start of the test program and a wear measurement made
after 63 hours and upon completion of the running schedule. A
calibrated 0 to 1 inch Starrett ball micrometer was used and all
measurements were taken with same instrument and by the same in-
spector. A tabulation of measurements is shown in Table II and
the location of the measuring points is illustrated in Fig. VIII.
i
S	 _,,
RESULTS AND DTSCUSSTON
The test program was performed at Stein Seal Company and involved
an experimental evaluation of a 2.500 inches diameter segmented
carbon circumferential seal unit having a negative lift bore
geometry. The seal was designed to operate at conditions typical
of those encountered with a helicopter transmission.
Tn accordance with the statement of work provided by NASA, the
seal assembly was tested ir, excess of 300 hours on a hard chrome
plated shaft runner at surface speeds of approximately 5000 and
10000 feet per minute. An oil jet was dir^•cted against a ball
bearing dust inboard of the seal unit. The oil het provided
about .16 gpm (610 cubic centimeters per minute) and the seal
used to contain the oil-air mist was operated with the bearing
chamber maintained at 0 to 2 psi.g.
The seal unit was trouble free throughout the test cycle and was
run rountinely. Shaft speed was about 7% lower than specified
velocity because available pulley combinations were utilized.
;y
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Seal leak rates at operating conditions were uniformly good
i	 with the exception of occasional increase from normal levels
f when the rig was started each day and prior to stabilization of
the.C-Idl conditions. It is noted that leak rates appeared to
steadily improve with running time. No static leakage was
observable.
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The Real assembly was removed from the test ri g only once durinq
the 300 hours test period after havinct been run a total of about
63 hours. (14 hours into test point 02) At that time, it was
decided that the pressurized seal leek rate, although satis-
factory, was somewhat greater thin anticipated from previous
experience with this type of seal design. Since this carbon
seal size was a new one, it was decided to rework the carbon
lap plug and then reburnish the seal unit.
A horsepower consumption test was m.,de on the seal, using a
watt-meter. The test seal was then removed and the wattage was
remeasured. Results indicated seal power consumtpion of less
than 112 NP.
I	 Wear of the carbon segments was checked (see Fig. VIII and
4 Table II) after the initial 63 hours run and at the end of the
test period and was found to be negligible. The test seal in-
dicated only a slight uniform burnish at the bore diameter.
The shaft surface was in excellent condition. 	 (See Fig. Vi)
CONCLUSION
The segmented circumferential carbon seal, which has been used
for years under rugged speed and temperature environments in
gases, can be used in a liquid environment if negative lift
pockets are added. This negative lift seal unit performed with
complete satisfaction at simulated helicopter transmission
E
I	
.r
CC
	
^TEPN SEAL G NIPANY
	 ► AGt HO
if
conditions. Leakage was well within tolerable limits and wear
was not measurable after 300 hours of operation.
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tTest Velocity Chamber Tn nil Out	 Coil Time Test Leak
Point Ft/Min. Press. Temp. Tamp. Point Rate
PS Tr, OF of 11r:Min. cc/tir.
1 8327 0 114 158 50:34 0.006
2 9327 1 119 159 14:18 1.343
Relapped Seal Ring Bore
See Tabulation of Seal Ring Measurements
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2 9327 1 114 155 33:55 0.150
3 9327 2 114 158 50:57 1.870
•1 4588 0 117 135 57:27 .009
5 4588 1 114 130 50:00 .020
6 4583 2 113 127 50:35 065
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3
-
!N CHA14 IN OUT 1.Wh
4 PPLESS PR ES TE Mp
"F
TEMP RATE
5
7
8
_9-
10
HR RPM
147501 2
142G?i
1425o
PS+G °F cc^MR
1N10740
O6OC.)
09001425
1000
1 70 70 - STA RT RIG 3Rs1
25 I 9G 147
25
?.5
I
I
100
II	 1
I SG
1 S 9
.80
,20
.80
1-00
cc
CC
IN G
IN G^
'Ap
:p
-
11 ItIOU 14'/-5q 2S I 111 1 59 •50 1.50 cc IN G
IN G
I N GI^AD^
AD
AD
AD
12
13 41300
1200
11400
14250
142SO
14250
25 1 111
1113
159
1102
162
.50
.70
2.00 cc
2S 1 2.10 cc
25 1 II g
.20 2 90 cc IN G
15 1500 14ZSQ 162 - 2.90 cc IN G AD
16 1500 1 4250 25 1 115 ► 62 — ? .901 cc_ IN G A J
17
19
?0
2
22
-
23
24
26
27
1 700
;800
1900
14250
14250
25
25
1
1
I
1
115
115
11 E;
162
IG?.
162
—
—
2.90
2 10
3.00
3 . 00
cc
cc
cc
IN G
IN G
P%D
A.
NE)
14250	 75 -10
-
_
IN GIfzAD
IN G
25 _. 7-4-IC)
200014250
2100
2300142 5
2400
14250
25 115 + 162
25 1 115 162 - 3.00 cc IN GRIND
IN GFkkO
IN G ND
IN G, AD
220014250 25 1 Ii5 162 J0 3.10
3.20
cc
cC
--
GIZAIC our
2 1 lls 162 •10
14250 25 I II S 162 .10
STO P R 12,O
28
29
30
31
32
33 1 ~
34
35
36
I
1	 2	 3
2	 TIME SPEED
3
4 ^—
L
5 _ NR	 KPM
7 1 i 1^61 ,4 250
8	 1145 14250
9	 j 1245 14ZSO
1 0	 1345 
.
I425
11 . 	
1
44 S , 1 ,4 Z 50
12	 1545 ;14250
13	 16 45 14250
1 4
	
1746 14250
15	 1e 4 5 1 4 250
16	 194 5 i14250
17
	
2045 , 142501
4
OIL
IN
PRESS
PS I Ca
25
5
OIL
CNA IA
PRESS
F'SIC6
6
01L
IN
TEMP
_7 8
OIL
LKG
:ATE
cc
9 10 11 12 13 14
_-
15
OIL
OUT
TEMP
O F °F
1 81
1o2
)15
115
115
11 S
129
lay
162
IG2
1I'2
162
16 2
-
--r_START_-- 10
--
GRALti Ia
25
2S
2
 25
25
- —
I
1
1
1
1
-
.40 IN GRAD
1N G ,
IN
IN G
I N G
IN aOtAt)
IN G
IN GR AD
IN U
^D_
 AD
AD
^ D
 N0
A0
.40 cc
cc
cc
cc
cc
•20
10
• 10
.10
- COO
.10
. 60
•90
-
25 1
1
113
25
2S
II 5 162
162
• 10
.10
1.00
1 .10
1 .20
I.30
P R 1
cc
cc
CC,
cc
_--
-
^_-
OUT
1 11 S
25
ZS
1 115 162
IG2
.10
1 115 .10
GR lip19 20 4 -7 $TO
20
21
22
- 23
25
26 
_
27
28
8
^S
1413
IS9
159
161
22-7
- (-D R 	 1N
_	 0.
N
1^p	 -5W 1p>Ir•
WC w da
1	 -	 -
GtRA[3 OUr
GRNo IN
_ -	 -
GRA OUT
24,--1010
X743
0810
1110
--1230
-
123 1
1331
,09 1 0 114250
14250
142501
14250
-25
29
25
^-
1
1
ST FkT
. -40
SO
.50
-- --50
T ES"
6.10
10.8
IG
cc
cc
cc
cc
--
AD
AD
Ali
AD
M
AD
• A D
75
103
111
111
I1 S
PROGRA
IM G
IN G
IN G
-IN G
IN Ga
ING
INGRAD
-
a0
.10
-
-	
ERE
5.60
S.60
25 I
I1425
- -14250
-	 -
--
25
--25
---
d
-
25
CF
---
1
-'-
G N
--3
-117
- -
POINT -
11-7
:18
-165
T
IGS
165
142SO
14250 _S~ 3 _
30 14'21 1 4250 25 3 W1115 166 cc
31 1 424 14260 Z5 'G 115 I G9
167
17p
171
-
► ,60
2 . 10
1.70
-
_
32 1524 1 14250 25 2 1-18 - 1.60 GC
cc
-cc
IN GON D
IN GRAD
IN GAD
33
34
IG24 142So 25 2 1 19
122
'-,.70
S_4 0j 72g ^a 25 25 2
35
36
F:
20 0 0. f ► •/II • I»OLM• ♦vf»yI r»U.oli p "IA 31, f.
tlsi »o	 _ 1	 Ito No 7 _ _	 smelt _6	 Of_
ofsuves ' -__	 c•II _ 0 ' 23 - 7 7	 .GASiNG 6 1 26 - 11 S/N 057701frec^Mwf ^CAMMONS • F,f 27 - 1 - 8
701►
 111111 A INDIANA AVINUI. PNILAD10141A », ►A
lIsl No. g0 _ 1	 RIG No.	 sN!!T 7	 01-
OsstWll_ ~•D '	 _	
--	
DATI	 Z% -"7'7
^C ASI NG 61 26 -1 S/N OS 7701
sIlCIMlNl 
^c^a SONS: ra127- I_ e
1
?
3
4
--5
 -
7
69-
2
IME
3
SPEE
4
011.
IN
5
OIL
CNAM
PRESS
P51G
6
(AIL -
IN
TEMP
OF
76
I v 6
11-7
7
OIL
OUT
8
01^,
LKG
RATE
9 10 11 12
-
13 14 15
--`
HR	 RPM
0-110 .14250
0'7 35 14250
o6:35 1 42SO
PPE55
NSIG
25
ZS
2S
TEMPu..F
IN
--_
RT
---
440
R IC3 CGRAZ
2
- 
2
7G
156
165
_
_
ST
_ —
cc. ING AD4.40
10
11
U93S i 1 425
1 100 14250
25
25
2
2
117
117
IGS
IGS
2,80
2.30
7.20
10-SO
cc
cc
ING
IN GRAD
AD
RA ID OuT
12
13
1 d
15
16
17
18
19
-20
21
22
^3
24
25
26
27
28
^9
1105 1425
14 250
14250
14250
14250
14250
O
2S
2S
25
2
`L
111
Ilia
118
165
IGS
165
-
-I 80
I•GO
-- 2 . 50
4.10
6.10
cc
cC
IN G I
ING
k AD-
AD
AD
GRAD IN^
1230
1 1330
1500
1600
1715
1'1 16
-	 -0704+14250
0730
063014250
0930
2
25 2 118 165 1.30 cc
cc
IN G
ING
ING
25
2S
2 118 1 G s 1.40 7.S0 AD
AD2 119 I GS 1.40
STOP
9.40
Ria
CC
sp-A,10 OUT
IN2
2
 
77
14Z601
14250
14250
14250
14250
1425
--
B-2
IG GR^I2-S
25
2S
25
25
25
25
2S
25
_79-
109
116
117
117
Ilia
1 19
120
12-2
79
157
16S
169
IGS
1G5
167
I G8
- ST RT
-
2 .70
1.50
1,10
1.10
1 . 20
1 . 10
2,70
4.20
5.30
7.00
g.20
cc
cc
cc
ca-
2
2
2
2
2
2
'L
INC%Vk A,0
INGRAD
IN E-7
IN C,4ND
ING
IN G
AD
AD
D
-
10301 4 250
11 3o
1230
13 30
14 30
1.10 cc
-
— ---
167
169
IG8
16g
1.40
1 .00
1 .110
1 . 50
2.10
3.10
-4	 0
S•60
cc
cc
cc
cc
IN G
IN Gm FrA0
IN GAPAD -
IN G
AX)
AD
-
30
31
_32
1 536 14250 2S
25
25
2
2
2
12 2
110
1 i
—1630
1715
142SO
14260
33 17 16 0 STo P Poe,_ --IRAD our
34
35
36
— - — -
STE1 N Sr :^ [. COM PA NY'
	 FAG! NO
300 $11111 A INDIANA AVINUI /MI,AU1lFH1A 3I• ►A
TIST NO --	 ^_7p5O - I	 _ BIG NO. 7	 SHIFT - -g	 - of
oF^lSVrt ~' D '	
_	
DATI 8 25`77----
	
_C ASINC^ G12G -1 S/N OS 7'701	 -
>./lCIMlN>, C^ARi30NS ' 61 27 I - 9	 —
a",
1
2
3
4
5
7
8
9
10
1	 1
12
4
15
1 6
^	 17
18
19
_ 21
22
23
24
^5
26
27
28
29
-30
3 1
32
_13_ , 1416
2
TIME~
MR
0704
0725
t0g25
0945
1115
'S'S
1515
16 15
171S
171 O^
.^
0745
Q845
0945
1045
1145
124S
134S
1445
1545
1&`15
I -IIS
1 20
13
1 5PEED
RPM
14250
14 250
14250
14250
14250
14 2SO
14250
14250
14 ZSO
142SO
O
4
OIL
IN
PRESS
PSIG
25
5
OIL
6
OIL
7 8
OIL
9 10 11 12 13 14
GRA C
1
I
OIL
CNAM
PRESS
PSIG
2
IN
TEMP
O C
OUT
TCNAP
OF
LKG
RATE
cc aA
RIGS69 E-19 - ST RT
25
2S
25
25
2-s
25
2S
2
2,_
100
107
149
157
-
G-10 6-10 cc IN GRAD
-
?
Z
 
2
2
2
108
129
130
130
ISO
I S6
177
17 B
17 16
3.70
2.60
2.10
230
2,10
1.90
It -00
,4 •20
6 40
2-30
cc
cc
cC
cc
IN GRAD
IN GRAD
Ih G
IN G
AU
AD
G"I)
GRAD
178 4.40 Cr- IN G AD
Z9
2S
2 130 1'78 6. 30 cc
cc
IN G
IN G
P, A p
AO
CaRA C
2 130 17B
_
g-26
72
2 . 1 13
-
 
7"7
S
R AO
P RIB
070414250
14250
1425
1425
14250
14250
14250
14250
142SO
14250
14250
14250
2 72 Sr RT 113! GRA
--
it
O
25 -
2S
25
25
?_S
25
2 102
1 08
1	 1	 1
118
118
120
121
IS4
159
1 59
162
165
165
166
-
4.20
3.30
2•SO
1 . 60
2 . 00
1.10
_
—
IN GRAD
IN C,PIAD
IN C71 RAD
IN G 'AD
IN G AD
ING AD
IN G.	 Ap--
IN G AD
IN G Ap
IN G AD
- -
- --
BRAID
- -
vRA
2
2
2
2
2
2
4•?_O
1,501
10.00
1.60
S-80
C-50
6.50
7 SO
R.-7O
9.20
Rm,
cc
cc
cc
CC
CC
 cc
cC
CC
cG
cc
2S
25 -
25
25
2S
2-
2
2
122 165
I E5
IGS
1 00
I-oo
I.ZO
1 00
1 2121
122
25
--
2
-
122
--
IGS
STr3P0
_33
34
35
36
0720 14250
B- 29-7
IU C"iRA 11
 _
25 2 50 $O - ST ' RT
600142 5 0 25 2
.^a
?	 3
l5f'FED
4 5 6 7 8 9 10 11	 12	 13 14	 f	 t5
T i%tE CNIL OIL OIL OIL (AIL
IN CRAM IN OUT LKG
PRESS PRESS TEM P 1FMP RATE -
HR	 RPM PSIG PSIG `'F °F C
3900 142510 25 2 I IG If,S 1,80 I.B0 cc	 IN C-%rZ AC_7
-
11000 142 GO 25 2 122 I(. v I• -70 3.50 CC	 IN Cn,(kAC^
X11 00,142.50 -)S 2 IIG 165 ISO 5,00 c.G SIN Gli AO
IZ00 .14250 :4^ 2 115 169 VBO NO cc	 IN GIkAkD
1-A-00 1 4ZS0 25 119 169 8..40 cc	 IN	 02 .60
1400 } 14250 25 Z 122 IG9 KO 9.21` cc	 1N G,FAp
1500
	 1.12 S: ' r, 2 120 1 C9 ~
-_
o -^EMP Y G. FA A C) v
I SU 1	 ^ STO R I
8 -7-130—
`:,r/tiRT 11	 - 7 o 0(3 pM
.) 7000H 03 _ 'Z5 CN 84 90 -+ sr A, {Vr R I, + G^AS^ INI) 190011000 L` r-; V I 1 133 -^ 'GRACE t	 ► . JN	 ASI G t
1000 1 7000 2S O 12S 1 4 1 - N0 ^1CC,l 114 C-ZlR	 D
1 100 	 1000 2 S O 121) 1 . 1 ;
_
- N0 L 11111IKC-,
I
IN (7,ft x>
1 200 1000 :'= Cl 129 145 IN ^^R	 D
I3^^ O 	 1(X10 ^ S O 111-9 14 t3 NO LjI -( G IN
	
R D I-
1400 1 1000 "1 S 0 129 14 5 - O cc ' IN ^^i'Z^aD
1 500 1 7C1C^C1 l.S O - 30 1	 64 - J O Icc	 IN C-ir^AD
1(-100 -7000 25 O 132 147 - O cc	 1'	 G^jtA[^
100 1000 ^. C1 I s 2 1 4? -- -- ----- 0 -	 ,cc	 IN c-4,,AD
,7 126-
	
100 0 L S O 13 2 14 -7 - I L) pr p	 I c-mR O
7 Iz	 0
Is 0 --
R
N3
-30-
R 3
71
~
STO 1
START
F21G
T21G .10 	 IN
GRAI OUT
RA[^i11 30 7000
► 830 7(100 .' S 0 I I S ! ^1 I O . 20 C c	 IN Gill, D GRA1p IN
I , j SV '7000 VS, p 13,7 - 20 cc )N c4<A.0)?•U 7'x00 25 O 12S 40 - ^ 20 cc ' IN Ca l 	 AO
7000 ZS 4 126
127
141
14	 I
1 30
.1 0
-
^' .303O cC	 IN CaR 4D
cc	 IN Ent RAD230 1000 . r^ O -	 1
1
3
4
5
F
I	 ^-
9
10
11
1?
13
14
15
16
17
18
lU
:0
21
22
:11 
^4
` '51 `
26
27
28
29
30
31
32	 c
^4	 I
35
36	 I
.1—
I	 IW-.	
"r
loHM $!alit & INDIANA •V1r/Nl
	 11 1•	
PALA NO
llsl NO
	 ^. SC) — -	 RIG NO	 smill C)	 OI
06$I1%11 ND.	
_	 Q - 29-^7
S/N OS7701	 v•irSM.IMINf (
	
At-Z C^.^ 
1t '.
i
_STEIN SEA 1. 1 PAN ' ►Aa! NO
JOr^ >)1 \!If	 INDIANA AVINU!
	 PM4Aflft ►NIA 3J. IA
fist NO. _ _ 
	 6O S	 _^ I	 fIG NO 
	 _ 
ossllvfll	 ~.' ^ ^ _ _._
	 —	 -	 _	 _
C A S I N C31_ ,. -61 2 G- I	 ,/N 0577 01S/lCIMlN! 
^GAR_SO NS
	
G !. 2 -1 - 1 - 6
SMEE1 . _^ J
DATI
	
e - 31-	 7
Of
,
--	 i
2
2
TIME
3 - ^	 4
SPEED 011`
5
OIL
- 6
OIL
7
OIL
8
OIL
- 9	 1	 10
1
11 _12 13 14	 1s
3 IN CNAM IN OUT LKG
4 F'KESc 1'FZESS TEMP TrMP RATE
5 NR RPM PSIGI P 51 Or °F G^^
7 1.1 330 7000 25 O 127 143 .30 cc IN c, AO
8 1430 7000 25 O 127 143 .10 .40 cc IN G AD
-_. 9 1530 7000 2 5 O I Z5 140 - A 0 c c I N G_ I-\D
10 16307000 26 O 125 140 - 40 c c IN Qi lAD
11 1 1720 7000 2a O 125 1 40 - 40 cc IN 'AO
12 17 21 O ST09 R I G GR	 OUT
14-
--
9-1 77
7000
7006
2S O 80 81 STX RT
Qo
Ica
cc
• 4o
IN G
c IN
AD
GRa
RA
1 ^,
1 h
p705
060S
-
Itv25 Q
-
	
-
I15 130 -
17 1090 7000 2.5 f23 139 40 cc IN G , A p 1O -
18 1005 7000 25 O 124 140 - .40 cc IN G AD
19 1 105 '7000 2S O 12S 141 - .40 cc IN G AD
20 1205 7000 25 - CC IN G ADO 125 141 .40
21 1305 IN G AD7000
.
25 O 125 141 - 40 CC
22 1405 7000 25 0 12Cc> 142
-_-_
.40 cc IN 
G .
t-k f> D
_
-
-,
^3 ISOS 7000 25 O 126 14 2 .10 . 50 cc IN (,- F2Ap
24 1605 7000 25 O 126 142 - .50 cc IN GRAD
O^5 1705 7000 25 12G 1 42 - .50 cc Its;	 G AD
26 1-7 20 7000 25 o I26 142 50 cc IN G, AD-
27 17'Z I STof I R I - CoRAD OOTO
30 0715 1000 25 O 01 81 - 'ST RT R IG 50c IN(- RAD
0815 7000 25 O 1 t 5 1 32 . IC) • GO 'cc31 IN G
IN G
AD
AD
GTZ
-
p 1N
32 0915 7000 25 O 120 l 38 - 60 cc
33 1015 7000 2S O 119 1 36 - .GO
'^ 0
cG
c c
1N G
I IV _G
AD
. A D --3 4 1 1 1 5 7 0 0 2 ri O 12S 14'Z -
^35 1215 1000 25 O 127 143 - •60 cc IN GR AD
?F 127 14336 1 ?, 15 7000 p - -- CO cc IN G Ap
r. _	 .-^
t	 ,^
STEAK SEAL C'OMPAN)", 	 ► .olNc
7091- S ► IIIT a INDIANA AV INUI. ►NIIADII ►HIA », ►A.
TIST NO _ 	 `—_
 BIG NO. _	 _._ sNIIT -	 I	 of
ollselvto -_ ~!	 DATI	 9-2--77CA_SIN_G GI Z G - I S/N 051101
^nclMws ^CARpptrlS: 612'7 - 1^$	 _.--
F.
. 
1
1
2
3
4
5
7
}	 8
9
2
TIME
3
SPEED OIL
IN
_
PRESS
P51h
5 6 7 8 9 10 11 12 13 14 15
OIL
CHAM
PRESS
P SICa
OIL
IN
TEMP
°F
OIL
OUT
TEMP
OF
_
OIL
LKG
RATE
-
HR
1415
1515
1 s 23
RPM
IN G
IN -G
AD
AD
-7000
7000
O J
25 O 127 143
144
- GO-
_60
RIG
cc
cc
OUT
25 O - as -
srop
10
11
12
1
1 4__ 0 -05
0-705
g05
O
O
9 - 6
82
130
77
-
-
T R
b0
G
cc
CO cc
IN G R
ji N G
ACS
AD
AD
C-%R ASl D IN
151
1	 I
ST-A"1000
7000
7-5
2 5
 
7000 2S O 120 136 Y- .60 cc IN GI
15
16
17
18
--
-1920
21
L2
23
24
25
26
27
28
29
3 0
31
32
1005
1105
120S
1305
14	 SO5-
1000 25 O 122 131a - •60 cc IN G AD
IN CI^IZND
IN (71	 AD
IIt-4 G1(AC)
v	 DIN-
^
A
IN G AD
IN U AD
IN Qj :ZAD
- --
cG I N GR
IN G AD
I N GRAD
IN C-!%
	
AD
IN G AD
IN C-, A o
IN GI
	 AD
—
7000
7 000
7000
700 i
-	 07000
25
25
25
25
--- -
O
O
O
--O
125
12. `'
126
12 6
142
14 2
143
14 3
- 60
C)
.EEO
6O
cc,
cc.
cc
_
c ^cc
-
—
- -
1505
16oS
1705
17213
--
070S
0005
J905
'003
2 5 -O -12G 143 - -60
7000
7000
O
25
25
O
O
126
12G
14 3
143
- .60
.CEO
RIG,
cc
c.0
- - -
6
cc
cc^
cc
cc
cc
-
GIZATS
_^
D
-	 1
- --
77
-
-
STS OUT
IN
---- --
9-7-
82 S'TA
----
T RI
. 60
.60
-60
•60
7000 25 O 80
7000
7000
7000
25 O 110 137.
132
132
1
	 2
133
135
Z5
25
25
O
O
O
1 1 5
115
-
-
-1 105 7000
1205 7000 2 5 O 116 - 60
.601 -305 7000 2S O 116 - cc
33 1 405 7000 25 O 119 137 - .60 Cr
cc
cc
IN G AD
34	 1505
35
	
'60 5
36
7000 25 O 122 13$ _ •60
67
IN cnl
IN C-n
AID
AD
_7000 2S O 122 I38 -
li.. . - ^,.,ifir,
	
y.	
--•.--ter. ..`.
	
_^'- - _
	 `' _ _^	 ._	 1 ..^, . 1 _ 1
STET v SEAL CAN1 NA:\y 	 ► AGI 040
70th ST1111 A INDIANA AVI NUI, PMI1AD11/MBA 32, PA
TEST NO 	 S O - (	 RIG NO
	 7	 %mill - ^?	 OF
ORSIRVIR ~,D_ ~ w'	 DATI ._9 -7 - 71
CA ,31NG : 6t26 - 1 S/N 061701s ►1cIMINs CARBONS ' G 127
1 '? v
TIME
I	 3
5PEFD
4 5 6 7 8 9 10 -- 11 12 13- 14 15
2 OIL
IN
OIL OIL OIL OIL
_
3 CHAM IN OuT LKCS
4 PRESS PRESS TEMP TEMP IRATE
5
_ 7
HR
170_5
IfkPM PSIG
25
PSIS O F °F cc f R
— -—
7000 O 122 131 - -60 cc IN G ADE
8 17 2 5 p STO Ir R 1 Qq sp.,Xx OUT
9
10
_1 1
1 ^
13
0705 7000 25 1 76 0 0
9- 6 -77
-
 Sr A
STA
TRA T
VVI-
T _PkI
E L
O
T
G
(7:% ON
cc
CA
IN G
ING
D
Rh
—
1N
-
080S 7000 29
25
1
I
1
10`a
11	 1
126
130
-!
-
--i t- loos
0905 7000
 
700 2S Ito 132 - O cc IN G, [:)
15 1105 7000 2S I li e 135 - O cc ING D
16 1206 7000 25 1 119 136
140
- O cc IN GRAD
1N G
IN ^-
IN
17
18
19
1305 7000 2S 1 122 -
-
-
O cc AD
Q<aD
RAD
1 405
150S
17000
700_0
25
26
1
1
122
133
139
140
CNE
ONE
DRO
ORO
20 1 605 7000 2 5 1 124 141 - ONE DRO IN G1 /gyp i
21
-
17 0 5-17000 25 1 124 141 ONE DRO I NG AD
22 1'7Z% '7 000 ZS 1 124 141 - ONE
RIG
RIMi
DROP ING AD
OUT
1tj
^3
24
^ 5
26_
17 7- 0 STOP GRA
- -
0705
---- -- -- - --- - ---
c9 -9
7G
--
-
-- --
STAP,T
- --
DR
IN GRIND
P IN RAD7000 2S I 7S ON
27 060 S 7000 2S I 1016 121 --.10 --.10 Cc GRA
28 0905 7000 25 1 1	 1	 1 130 .10 .20 c c I N G AD
^9
30
31
IOOS 7000 2S I 113 132
13 4
136
.10
-
.10
.30
.30
40
cc
cc
cc
IN G
IN GI
1N Ca
AD
AD
AD
1105 7000 25 1 115
l IQ1205 7000 Z5 I
32 1305 7000 2- S I 122 135 - .40 cc ING AD
33 1405 7000 a5 I 123 139 - .40 cc I N  AD
34 1 50 5 7000 ?- 3 1 123 140 - •40 cc ING AD
35 IS 2S 7000 2S
-
1 12-7 140 -
ST G
.40
_ R I-
cC
--
1NGRI ND
--- ----- SR/,Z, our
3 5 ; S 2 6
0
-- ---
STEI1 k^FAL CONIPANNI"	 `•,.` N0
70r1A S1111T a INDIANA •v1NU1 PHUA 11 P N1• 31, PA
L
rtsr No _-	 6 O S O - I_	 ac NO -- 7
OGstwn _C?' ' W
CASIN G 61_2_6 -1 5 N 057 '1_0. 1
sreclMews C ARBON S ^ 6127 -1 -43
--- - -	 - -
- SNttl	
I -^,
	 -	 _ 01_
O•le - 9 - 12 - 77
1
3
4
5
6
- 7
8
9
10
1 1
2	 3
iME SPEED
NR RPM
L08G0.'7 000
0900 7000
X1000; 7000
1100	 "lO 30
1200 ?000
4 5 6 7 8 9 10
--
11
-
----
_F41G
12 13
lNG
14
AD
15
01L
1N
PRESS
PSIG
OIL
CHAM
PRESS
PSIG
OIL
IN
TEMP
°F
OIL
CUT
TEMP
OIL
EKG
kAT19
c%
__ --
O cc -
%N
OF,
---
682S I 67 - STAIS RT
•402S 1
I
1
104
113
114
124
131
12,2
ISS
- cc INGFJAD
IN (St
IN U
INGfkAD
AD
AD
GRA
2S
Z!5
2S
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